The polarities of a large number of soluble and membrane proteins have been calculated by summing the mole fractions of polar amino acids. It was found that 85% of the 205 soluble proteins considered in this study had polarities of 47 1 6%. Only 2% of the soluble proteins had polarities below 40%, whereas 47% of the 19 membrane proteins had polarities below 40%. The membrane proteins with polarities below 40% could be separated from their respective membranes only by detergents or organic solvents, indicating the importance of hydrophobic forces in their interaction with other membrane components. It is concluded that the. majority of "intrinsic" membrane proteins have low polarity, and that the polarity index is therefore a useful parameter for characterization of membrane proteins.
An analysis of the x-ray diffraction data of several globular proteins has shown that, as a rule, all the polar amino-acid residues are situated on the surface of these molecules (1) . It is the spatial distribution and proportion of polar and nonpolar groups on the surface of proteins that determines their solubility. Proteins with a high proportion of polar groups on their surfaces are likely to be water soluble, whereas proteins with a major proportion of their surface covered with nonpolar groups are likely to be water insoluble, unless solubilizing agents such as detergents are added.
There is evidence from circular dichroism (2) (3) (4) , infrared spectroscopy (5) , and x-ray diffraction studies (6) to indicate that the majority of membrane proteins are fundamentally similar to soluble proteins, in the sense that they are globular with considerable a-helix content and very little 0-structure.
One would expect that they will also have all their polar residues on the surface.
There is abundant evidence to indicate that some membrane proteins are located at a hydrocarbon/water interface, partly exposed to the aqueous medium and partly buried in the hydrophobic interior of the lipid bilayer (7). These proteins have been called "intrinsic" (8) , or "integral" (9) , membrane proteins, to differentiate them from "extrinsic" (8) , or "peripheral" (9) , membrane proteins, which by definition do not penetrate into the lipid bilayer. Intrinsic membrane proteins might be expected to have a nonrandom spatial distribution of polar and nonpolar groups in order to give them the required surface active property. Thus, the majority of the polar residues are likely to be on the region of protein surface that is exposed to water, while the surface area of the molecule that is in contact with the nonpolar environment will predominantly consist of nonpolar residues. One might therefore expect intrinsic proteins to have a reduced number of polar amino-acid residues, in comparison with proteins that are readily soluble in an aqueous environment.
We have tested this hypothesis by comparing the polarities of those membrane proteins whose amino-acid composition is known, with the polarities of a large number of soluble proteins. Similar studies have been done before (10, 11) , but the results obtained were unclear since much of the amino-acid composition data used pertained to whole membrane preparations, rather than to purified membrane proteins.
METHODS
The 208 proteins for which amino-acid compositions are listed in the Chemical Rubber Co. Handbook of Biochemistry (12) were used as the sample of soluble proteins, but with the omission of visual pigment, cytochrome c, and structural protein, which are clearly of membrane origin.
The amino-acid compositions of membrane proteins were obtained by a search of the literature. Only data from preparations that we considered to be fairly homogeneous were used. Thus spectrin, for example (13) , which has recently been shown to be a mixture of proteins (14) , was not included. Similarly, proteins that appeared to be fragments of much larger polypeptide chains were not included, e.g., the sialoprotein reported by Winzler (15) has a molecular weight of 36,000 and is likely to be a tryptic fragment of a larger 87,000-dalton glycoprotein (16) . However, protein complexes such as cytochrome oxidase and sarcoplasmic reticulum ATPase, which probably exist as complexes in the membrane, were included (17, 18) .
For the present work, the polarity of a protein was defined as the sum of the residue mole percentages of polar amino acids. We have classified Asp, Asn, Glu, Gln, Lys, Ser, Arg, Thr, and His as polar residues and the remaining amino acids as nonpolar. This classification closely follows that proposed by Hatch and Bruce (10) , and is similar to the one proposed by Fisher (19) 
